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We prepared a set of Pb-substituted Bi2- 2 ,Pb I Sr2ErCu20g single crystals. The resistivity and 
the in-plane thermopower decrease with increasing x from to 0.8, which indicates that the Pb 
substitution supplies holes in the CuC>2 plane. For x=0.8, a tiny resistivity drop (a trace of super- 
conductivity) is seen near 70 K, suggesting that the doping level is close to the critical concentration. 
The c-axis dielectric constant also systematically changes with x, and suggests that the charge in- 
homogeneity is suppressed by the Pb substitution. 



I. INTRODUCTION 

As is well known, high-T c superconductivity is realized 
by doping carriers into the CuC>2 plane for the parent 
Mott insulator. The insulator-metal transition (IMT) 
of high-T c superconductors is significantly different from 
that of a doped semiconductor in the sense that the 
doped carriers exhibit superconductivity as soon as they 
become metallic. In fact, the mechanism of the IMT is 
quite unconventional. For La2-xSr x Cu04, for example, 
the doped carriers form a stripe, and the stripe direc- 
tion changes from the diagonal to the parallel direction 
at IMT (f. 

The Bi-based cuprate Bi 2 Sr 2 CaCu20 8 (Bi-2212) is 
considered to be the counter part to La2- 2 ,Sr 2 ,Cu04. 
This compound is away from the stripe instability, and 
no static stripe order is reported for the parent insulator 
of Bi-2212. We have studied the transport properties of 
the parent insulator of Bi-2212, and proposed that the 
high-temperature charge dynamics is essentially similar 
to that for high-T c superconductors |2|, [| . 

Previously we successfully prepared single crystals of 
the parent insulator Bi2Sr2RCu20s for various rare earth 
ions R (R=Dy, Er, Y), and found that R=Er is most 
conducting Q. However the carrier concentration of 
the R=Er sample was 0.03 hole per Cu, which is still 
smaller than the critical concentration (~0.05). In or- 
der to dope more holes in the CuC>2 plane, we focus on 
the Pb substitution. As is well established, the Pb sub- 
stitution for Bi supplies holes for the superconducting 
samples of Bi 2 Sr 2 Cu06 and Bi 2 Sr2CaCu208 0, ||. Here 
we report on the characterization and charge transport 
of Bi2- 2 ,Pb K Sr2ErCu208 single crystals. 



II. EXPERIMENTAL 

Single crystals of Bi 2 _a ; Pb a ;Sr2ErCu208 were prepared 
by a Bi203/CuO flux technique. A mixture of Bi2C>3, 
PbO, SrCC>3, Er2C>3 and CuO powder was charged in 
an AI2O3 crucible, heated up to 1373 K, slowly cooled 
down to 1173 K with a rate of 0.5-1 K/h. The ratio 
of the starting powder was Bi:Pb:Sr:Er:Cu=2-a;:2a;:2:l:2, 
which is nearly stoichiometric except that the Pb content 
was doubled. Obtained crystals were plate-like, and the 
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FIG. 1: the actual Pb content and the c-axis length of the 
prepared crystals as a function of the starting Pb composition. 



sizes were larger for larger x with a typical dimension of 
3x3x0.05 mm 3 for x=0.6 and 0.8. An energy-dispersive 
x-ray (EDX) analysis revealed that Bi+Pb and Sr are 
slightly excessive, and the content was estimated to be 
(Bi+Pb)2.2Sr2.7Ero.7Cu20 y (within an experimental er- 
ror of 10%). 

The resistivity was measured with the four-probe 
method, and the afr-plane thermopower was measured 
with the steady-state technique described previously ||. 
The c-axis dielectric constant from 10 6 to 10 8 Hz was 
measured with an rf LCR meter (Agilent 4287A) with a 
similar technique by Bohmer et al.^. 



III. RESULTS AND DISCUSSION 

In Fig. 1 is plotted the actual Pb content and the o 
axis length of the prepared crystals as a function of the 
starting Pb composition. The actual Pb content is well 
controlled, and well corresponds to the starting compo- 
sition. The c-axis length does not systematically change 
with the Pb content, whose reason is not understood at 
present. 

Figure 2 shows the a6-plane (p a b) and c-axis (p c ) re- 
sistivity. p a b and p c decrease with increasing Pb content, 
which indicates that the substituted Pb supplies holes in 
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FIG. 2: Resistivity for Bi2- :c Pb :E Sr2ErCu208 single crystals. 

the C11O2 plane. For a;=0.8, p a b at 300 K is of the order 
of mf2cm, and a tiny drop (a trace of superconductivity) 
in p ao and p c near 70 K is observed. These results clearly 
indicate that the doping level is very close to the IMT. 

Figure 3 shows the a6-plane thermopower. Although 
the magnitude systematically decreases with the Pb con- 
tent, the increase in the hole concentration is much 
smaller than expected. Estimated from the room- 
temperature thermopower , the hole concentration per 
Cu is increased only from 0.03 to 0.04 by increasing the 
Pb content from to 0.8. This is more than one order of 
magnitude smaller than the value calculated by assum- 
ing that one Pb 2+ ion supplies one hole. Perhaps this is 
because the substituted Pb removes the excess oxygen, 
which compensates the carrier concentration. In fact, 
the modulation structure in the Bi202 plane due to the 
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excess oxygen disappears near a;=0.8 M. 

Figure 4 shows the c-axis dielectric constant at 80 K. 
A systematic change with the Pb content is seen, and 
the most conducting sample of x=0.8 exhibits a small 
and frequency-independent value. This is quite different 
from our previous measurement on the Pb-free Bi-2212 
crystals, where the large magnitude with the dielectric re- 
laxation is seen |t . At present we cannot specify the rea- 
son of the difference, but we wonder whether the excess 
oxygen plays an important role. Recent scanning tunnel 
microscope/spectroscopy has revealed unexpected inho- 
mogeneous electronic states of high-temperature super- 
conductors. Pan et al. |l(J found that the local density 
of states are inhomogeneous in the CuC>2 plane of the op- 
timally doped Bi-2212, where the doped carriers form a 
metallic patch. Considering that the metallic patch is lo- 
cated near the excess oxygen, we think it natural that the 
charge is more or less homogeneous in the Pb substituted 
(and consequently excess-oxygen free) sample. Since the 
dielectric constant is a measure of the inhomogeneity f| , 
it would be small where the charge is homogeneously dis- 
tributed. In any case, the dielectric constant does not di- 
verge near the IMT, which makes a remarkable contrast 
with the IMT in doped semiconductors 



IV. SUMMARY 

Single crystals of the Pb-substituted Bi-2212 parent in- 
sulator Bi 2 _ a; Pb 2: Sr2ErCu208 were successfully synthe- 
sised from x=0 to 0.8. Holes are systematically doped 
with increasing Pb content, but the increased concentra- 
tion is as small as 0.01 per Cu from x=0 to 0.8. The most 
conducting sample of a;=0.8 is very close to the IMT, 
and a tiny trace of superconductivity is observed. The 
dielectric constant is measured to be small and frequency- 
independent, which would imply that the charge is dis- 
tributed more homogeneously than in the Pb-free sample. 
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FIG. 4: c-axis dielectric constant for Bi2- a; Pb :E Sr2ErCu208 
single crystals. 



